This article proposes Adversarially-Trained Normalized Noisy-Feature AutoEncoder (ATNNFAE) for byte-level text generation. An ATNNFAE consists of an auto-encoder where the internal code is normalized on the unit sphere and corrupted by additive noise. Simultaneously, a replica of the decoder (sharing the same parameters as the AE decoder) is used as the generator and fed with random latent vectors. An adversarial discriminator is trained to distinguish training samples reconstructed from the AE from samples produced through the randominput generator, making the entire generator-discriminator path differentiable for discrete data like text. The combined effect of noise injection in the code and shared weights between the decoder and the generator can prevent the mode collapsing phenomenon commonly observed in GANs. Since perplexity cannot be applied to non-sequential text generation, we propose a new evaluation method using the total variance distance between frequencies of hash-coded byte-level n-grams (NGTVD). NGTVD is a single benchmark that can characterize both the quality and the diversity of the generated texts. Experiments are offered in 6 large-scale datasets in Arabic, Chinese and English, with comparisons against n-gram baselines and recurrent neural networks (RNNs). Ablation study on both the noise level and the discriminator is performed. We find that RNNs have trouble competing with the n-gram baselines, and the ATNNFAE results are generally competitive.
INTRODUCTION
Learning high-level, abstract representations of text or other discrete structures is a task that may have many applications in NLP, including text generation, translation and general understanding. This article makes 4 contributions: (1) a new class of model and objective functions called Adversarially-Trained Normalized Noisy-Feature Auto-Encoder (ATNNFAE) that is suited for encoding and generating sequence of symbols, such as text; (2) a recursive convolutional architecture for the encoder and decoder/generator that is designed to represent texts of any length at the byte level; (3) a measure of performance for byte-level text generators called n-Gram Total Variation Distance (NGTVD) that compares statistics of hash-coded n-grams; (4) experimental results on text generation by training on very large text corpora in multiple languages.
The basic architecture of ATNNFAE, shown in figure 2, consists of an auto-encoder where the internal code is normalized on the unit sphere and corrupted by additive noise. The AE is trained to reconstruct the input while eliminating the effect of noise. This effectively regularizes the information content of the code and forces the AE to maximize the distance between the codes of training samples. Simultaneously, a replica of the decoder (sharing the same parameters as the AE collapse at large-scale, because the discriminator could easily distinguish between one-hot encoding and the generator's output. Instead, we use an auto-encoder to transform a one-hot encoded sample to an unnormalized log probability space.
Beyond using GANs, an alternative approach is to use the variational auto-encoder (VAE) framework (Kingma & Welling, 2013) . However, previous attempts such as Bowman et al. (2016) have shown limited success. In VAE, the normalized feature from the encoder is optimized towards constant values, making it easy for the model to ignore the encoder. In ATTNFAE, the feature is corrupted with additive noise, and its strength is controllable via a hyper-parameter. Similar to our approach, the generator in parallel WaveNet (van den Oord et al., 2017) maps from a sequence of random vectors to samples. It has an implicit sequential dependence via inverseautoregressive flows (IAF) (Kingma et al., 2016) . However, the parallel WaveNet paper (van den Oord et al., 2017) only experimented on supervised tasks in speech synthesis, and it is unknown whether an unconditional generative model is possible.
Finally, none of the discussed approaches can prevent mode collapsing of GANs, while our method can do so via denoising in a normalized feature space. In addition, using GAN for non-sequential text generation is a necessity, which is in contrast with RNNs, for which the maximum likelihood principle ("teacher forcing" (Williams & Zipser, 1989) ) already exists for training.
ADVERSARIALLY-TRAINED NORMALIZED NOISY-FEATURE AUTO-ENCODER (ATNNFAE)
This section introduces the different components in ATNNFAE, using byte-level recursive convolutional auto-encoders (Zhang & LeCun, 2018) . Additionally, the hyper-parameters used for training are detailed.
NORMALIZED NOISY-FEATURE AUTO-ENCODER (NNFAE)
The NNFAE architecture in this article is the byte-level recursive convolutional auto-encoder (Zhang & LeCun, 2018) , chosen for its better accuracy compared to RNNs. Good auto-encoding accuracy is required because its output is used as the target to the discriminator. Malik et al. (2018) offered improvements by removing the linear layers and using a fixed number of recursion groups, which give better results for long byte sequences. Following them, we use an NNFAE that has a fixed number of recursion groups without linear layers. Figure 1: An instantiation of normalized noisyfeature auto-encoder (NNFAE) using a byte-level recursive convolutional auto-encoder. There are 6k convolutional layers in either the encoder or the decoder. Figure 1 illustrates the NNFAE architecture in this article. All of the layers operate in 1 dimension, and ReLU (Nair & Hinton, 2010 ) is used as the non-linearity. Residual connections (He et al., 2016) are used in between every 2 layers. The encoder -denoted as f -consists of a prefix group, a recursion group and a postfix group. The prefix contains k convolutional layers with feature size 256 and kernel size 3. The recursion group contains k convolutional layers with the same configuration, plus a maxpooling layer of size 2. Every time the recursion group is applied, the feature length is reduced by a factor of 2. All recursion groups share parameters. The postfix consists of k convolutional layers and a normalization layer, making each feature vector norm 1.
The decoder is a reverse mirror of the encoder, denoted as g. The same normalization layer is used to normalize again after adding noise, which is part of the prefix that has k convolutional layers. The recursion group contains k f : Encoder Sample y f ( y )
Random Vectors z g : Decoder / Generator g (f ( y )+ η)
Figure 2: Adversarially-Trained Normalized Noisy-Feature Auto-Encoder (ATNNFAE) combines Normalized Noisy-Feature Auto-Encoder (NNFAE) and GAN. Note that the NNFAE decoder and the GAN generator are the same model g. ATNNFAE learns by alternating between 3 objectives. (1) The NNFAE objective L NNFAE optimizes the encoder f and the decoder g to reconstruct the sample y from the feature corrupted by the additive noise η. (2) The discriminator objective L d optimizes the discriminator d to distinguish between the reconstructed output g(f (y) + η) from the NNFAE and the generator output g(z), in which z is set of vectors uniformly sampled from the unit sphere.
(3) The generator objective L g optimizes the generator g to "fool" the discriminator by making d(g(z)) approach the same target used for d(g(f (y) + η)) in the discriminator loss L d .
convolutional layers, in which the first layer expands the feature length by a factor of 2 using subpixel convolution (or pixel shuffling) (Shi et al., 2016) . All recursion groups share parameters. A postfix of k convolutional layers follows, whose output is the unnormalized log-probabilities of bytes.
In both the encoder and the decoder, the number of recursion groups is fixed to 4. As a result, the feature has a length equal to 1/2 4 = 1/16 of the input. For any input of size s, we tail-pad it to 16 × s/16 using zero vectors to make the feature length exactly s/16 . The maximum input length is set to 1024 during training. A Gaussian noise with distribution N (0, σ 2 ) is used in the normalized feature space. The NNFAE is similar to the denoising process used for images by Doi & Lewicki (2005) .
The NNFAE optimization problem looks like the following minimize f ,g L NNFAE = cross-entropy(softmax(g(f (y) + η)), y),
in which y is an one-hot encoded byte sample and η is a random noise vector sampled from N (0, σ 2 ). Since y is a one-hot vector, the cross-entropy (Solla et al., 1988) loss in L NNFAE degenerates to a negative-log likelihood at each position.
GENERATOR AND DISCRIMINATOR
The decoder g is also used as the generator. To generate a sequence of bytes, we sample t vectors uniformly from the 256-D unit sphere as the feature. This corresponds to at maximum 16t bytes. The output from the generator g is treated as a sequence of unnormalized log-probabilities, and the maximum is chosen at each position. t is sampled from the length distribution in the training data. The end-of-sequence is determined by either the zero (NULL) byte, or the maximum length 16t.
The discriminator -denoted as d -has the same design as the encoder but does not share its parameters. It also does not contain the normalization layer. The scalar value required to form the adversarial objectives is obtained by simply averaging over the output values. We use a variant of HingeGAN (Miyato et al., 2018) , which was the first GAN loss form that worked. The use of a Hinge loss for GAN can also be seen in energy-based GAN (EBGAN) (Zhao et al., 2016) . The HingeGAN objectives are bounded, which can stabilize the training process. Other loss variants we tried include the original GAN (Goodfellow et al., 2014) , the Wasserstein GAN (Arjovsky et al., 2017) and the Least Squares GAN (Mao et al., 2016) . The paper by Lucic et al. (2017) suggests that different GAN loss forms perform similarly well for image generation, therefore we did not experiment with more after knowing HingeGAN works.
The adversarial training objectives look like the following,
in which y is a one-hot encoded byte sample and z is sequence of random vectors sampled from the unit sphere. m is the margin of the Hinge loss. L d attempts to make the discriminator d give a value larger than m for the NNFAE's output g(f (y)), and give a value smaller than −m for the generator's output g(z). Meanwhile, L g attempts to let the generator g "fool" the discriminator by making d(g(z)) a value larger than m. Compared to Miyato et al. (2018) and Zhao et al. (2016) , there is also a margin in L g , further stabilizing training. Furthermore, we find it necessary to use the feature noise in L d to prevent mode collapsing.
The adversarial optimization objectives are required because the NNFAE objective L NNFAE is not enough to cover the entire feature space with acceptable output byte sequences. On the other hand, the adversarial objectives L d and L g are not enough ensure the generator can output a diverse sets of acceptable samples. Theoretically, if f , g and d all have sufficient representation capacity, it would have been okay for g to output only one acceptable sample for all z, with L g having achieved the minimum and L d stationed in the equilibrium.
In other words, GAN attempts to make the support of the generator's output distribution a subset of the support of the sample distribution, which seems to be the reason for mode collapsing. The denoising process during auto-encoding could encourage diversity, since it "pushes away" the values in the feature space for different samples. When there are many samples, the prior knowledge that there are distant values in the feature space corresponding to acceptable samples is sufficient to prevent mode collapsing. Section 5 offers an ablation study between the discriminator and σ.
TRAINING HYPER-PARAMETERS
The entire optimization process is simply an alternating direction method by iterating through objectives 1, 2 and 3. The choice of margin m depends on the balance between the NNFAE objective and the adversarial objectives. Auto-encoding should perform well before adversarial training kicks in, which means that m should be small. We find m = 0.001 works well. The model parameters are initialized using distribution N (0, 2/τ /1000) for the weights and 0 for the biases. τ is the number of output units each input unit connects to. It is 1000 times smaller than the value suggested by He et al. (2015) , which we find working well when used with residual connections (He et al., 2016) without the need for batch normalization (Ioffe & Szegedy, 2015) .
The training algorithm proceeds by repeating 10 steps for each of the objectives using stochastic gradient descent (SGD) with momentum 0.9 (Polyak, 1964 ) (Sutskever et al., 2013 . Whenever a sample y is needed, it is randomly chosen from the training dataset with replacement. The learning rate begins with 0.001, and is halved for every 10,000,000 steps for each objective until the training stops at 40,000,000 steps.
EVALUATION USING n-GRAM TOTAL VARIATION DISTANCE (NGTVD)
The most frequently used benchmark for text generation is perplexity. Unfortunately computing perplexity for a non-sequential generator is intractable in closed form and infeasible via Monte Carlo approximation (see appendix A). Therefore, we need to seek a new benchmark method.
The MaskGAN paper (Fedus et al., 2018) suggests that perplexity alone is not enough to characterize the quality of the generated text. They propose to use whether a generated word-level n-gram has appeared in the data as the benchmark. It was inspired by the Bilingual Evaluation Understudy (BLEU score) (Papineni et al., 2002) . However, as a benchmark for machine translation, BLEU score is applied on a per-sample basis and the aggregated value is able to characterize the distribution of n-grams. The mere 1 or 0 on whether an n-gram appears in the data could not take into consideration the frequency of n-grams. For large-scale datasets, this is misleading because a large number of infrequent n-grams and a small number of frequent n-grams would be considered equal. 16, 996, 184 1, 890, 456 182, 540, 556 20, 323, Instead, we propose to use the total variation distance on the frequency of byte-level n-grams between generated data and validation data.
in which p(u i ) and q(u i ) are frequencies of the n-gram u i from generated data and validation data respectively. In practice, these values are computed over multiple generated samples as
One problem of the benchmark above is that we could not use very large n because it would exhaust computational resources. Therefore, we also propose to use a hash table on the n-grams.
in which N is the maximum length of a byte n-gram, and M is the number of bins in the hash table. p(i) and q(i) are frequencies of the hash table entries from generated data and validation data respectively. The hope is that when M is large, it could capture the n-gram distribution well while still allowing a large N . This is inspired by the success of the hashing trick (Weinberger et al., 2009 ) for various n-gram based models in NLP (for example, Vowpal Wabbit (Weinberger et al., 2009 ) and fastText (Joulin et al., 2017) ). In this article, we use N = 256 and M = 1, 000, 000, 000 on 1,000,000 generated samples from each model, denoting the benchmark as NGTVD [256, 1e9] . This benchmark is in the range [0, 1] and can be applied to both sequential and non-sequential text generation models.
NGTVD is capable of capturing both the quality and the diversity. If the generated texts are not similar to the training data (quality), or if just a few acceptable texts can be generated (diversity), it will both result in a mismatch between the n-gram frequencies of the generated texts and the validation data.
EXPERIMENTS AND ANALYSIS
For all of the experiments, we use the same datasets as in Zhang & LeCun (2018) . All of these samples are at the level of paragraphs, and all the texts are treated as sequences of bytes encoded in UTF-8. These datasets each have tens of millions of samples. Table 1 is a summarization.
COMPARISON WITH n-GRAM MODELS AND RECURRENT NEURAL NETWORKS (RNNS)
The simplest byte-level n-gram model defines a sequential generator constructed from the formula However, in practice if n is small, the generated texts have low quality due to the lack of long-term dependency. On the other hand, if n is large, the existence of long byte n-grams becomes sparse and text generation is frequently interrupted. Therefore, we define a new n-gram model as
which uses the sum of the counts of n-grams from size Q to R. We could therefore set R to be a large number to encourage long-term dependency. In practice, we use Q = 5 and R = 64, and consider all of the grams that have appeared more than 256 times in the training data. This modified n-gram model turns out to be a competitive baseline in both NGTVD [256, 1e9] and perplexity. We name the model defined in equation 7 the "simple n-gram" model, and equation 8 the "complex n-gram" model. Appendix B presents some samples generated by the complex n-gram model.
In this article we also offer comparisons against multi-level stacked recurrent neural networks (RNNs), using 3 cell variants including the standard plain variant with linear cells, the long shortterm memory (LSTM) (Hochreiter & Schmidhuber, 1997) , and the gated recurrent unit (GRU) (Cho et al., 2014) . They all have 1024 hidden units. They are trained using the maximum likelihood principle at each sequential step with the correct byte-sequence history, also called the "teacher forcing" algorithm (Williams & Zipser, 1989) . The optimization algorithm used is SGD with momentum (Polyak, 1964 ) (Sutskever et al., 2013 , using the same hyper-parameter settings as the ATNNFAE models. At test time, text generation proceeds by sampling one byte at a time and it is fed back to the model for the next step.
The results of n-gram models, recurrent networks and convolutional ATNNFAE models are presented in table 2. For any k, the number of parameterized layers in an ATNNFAE model is 18k, because there are 6k convolutional layers in the encoder, the decoder/generator and the discriminator. Therefore, the network depth values in table 2 are 36, 72, and 144. The first conclusion from the table 2 is that the ATNNFAE models achieved better NGTVD[256, 1e9] than both n-gram models and RNNs, with better results as the models get deeper. Furthermore, RNNs actually struggle to compete with the n-gram models for sequential text generation in both NGTVD [256, 1e9] and perplexity, suggesting that n-gram models are strong baselines.
OUTPUT SELECTION FOR n-GRAM MODELS AND RNNS
The results from RNNs in table 2 are somewhat unexpected in the sense that they are far worse than the baseline n-gram models. Besides the usual argument that RNNs lack the ability to model Figure 3: The length histogram of generated texts on enwiki. The ATNNFAE model is the one with k = 8 and σ = 0.1, which matches with the length distribution of the dataset. All n-gram and RNN models strongly favor generating shorter texts, and RNNs prefer even shorter texts than both the simple and the complex n-gram models.
long-term dependencies due to gradient vanishing (Bengio et al., 1994 ) (Hochreiter et al., 2001 , the other reason could be that RNNs prefer generating shorter texts. This can be visually observed from the text samples shown in appendix C for LSTM. Figure 3 also shows the length histograms of generated samples from RNNs, the n-gram models and an ATNNFAE with k = 8 and σ = 0.1 against the enwiki training data. The ATNNFAE model shows an advantage in matching with the length distribution from the training data.
To provide additional comparison without the influence from the difference between sample length distributions, we performed selection on the generated samples so that the filtered length distribution matches that of the training data, for n-gram models, LSTM and GRU. In practice we find it infeasible to do output selection for plain RNNs because its output length distribution is skewed too much. The results are presented in To provide an ablation study on whether the discriminator is necessary in ATNNFAE, we compare between using NNFAE only and using ATNNFAE for a k = 4 model in table 4. Improvements from adding the discriminator can be observed for σ ≥ 0.1, whereas for σ ≤ 0.05 the discriminator has an adverse effect due to mode collapsing.
The results in table 4 suggest that there is a balance between the discriminator and the noise standard deviation σ in ATNNFAE. On one hand, the discriminator attempts to make sure that all the outputs from the generator look like the NNFAE's output; on the other hand, the noise is necessary to prevent mode collapsing. In order to improve the quality of generated text, we would prefer a small σ so that the NNFAE's output is accurate. However, we could not make the noise too small either, since the use of discriminator will result in a modecollapsed model that lacks diversity. In this case, the encoder's feature is concentrated on a small region in the space of z, which can still give good accuracy for auto-encoding. As far as the models in this section is concerned, 0.1 is the smallest acceptable σ that could make ATNNFAE work for enwiki. However, the auto-encoding accuracy at σ = 0.1 is not good enough to provide the best targets to the discriminator. This explains why there are frequent occurrences of "invented" words in appendix D. That said, from appendix C we could see that RNNs also "invent" words when trained on English data. The next section offers a method to improve the appearance of generated text by combining ATNNFAE with an n-gram model.
To achieve a better balance between σ and the discriminator in ATNNFAE, we performed a hyper-parameter search on σ for k = 4. As suggested by table 4, the best choice for σ is somewhere in between 0.05 and 0.1. Therefore, we trained k = 4 ATNNFAE models with σ ∈ {0.055, 0.06, 0.065, 0.070, 0.075, 0.08, 0.085, 0.09, 0.095}. Then, we choose the smallest σ that can obtain an ATNNFAE model without mode collapsing. The mode collapsing phenomenon is quite obvious by just inspecting the generated samples during training, therefore the hyper-parameter selection can be done without involvement of the testing data. We find that the best choice is σ = 0.085, and its result is presented as the last row in table 4.
n-GRAM CORRECTION FOR BETTER TEXT APPEARANCE
In spite of the better NGTVD [256, 1e9] result for ATNNFAE, the text samples in appendix D appear noisy at the level of bytes. This demonstrates that text generation is challenging in terms of achieving smoothness at the level of bytes, while at the same time shows ATNNFAE's potential in learning better high-level structure of the text. We want to point out that word-level text generation will not have such a intra-word smoothness problem by construction, and applying our models at the level words is also scalable and feasible. Even at the level of bytes, the scale of generated texts in our model is unprecedented, in the sense that the current practical limitation is 1024 bytescorresponding to around 200-300 words on average for English. This is in addition to the fact that we can prevent mode collapsing via noise injection in the NNFAE.
That said, in this section we also explore one simple approach to improve the appearance of text -especially the intra-word smoothness for English -combining an ATNNFAE with the complex n-gram model. This is done by using the formula
in which p (y i |z) is obtained from an ATNNFAE model and q (y i |y 1 , y 2 , · · · , y i−1 ) from the complex n-gram model. Then, we have For English, the intra-word smoothness can be numerically benchmarked by the proportion of generated words that belong to some pre-defined dictionary. We use all the words in the WordNet 3.0 distribution (Miller, 1995) as the dictionary, and computed the intra-word smoothness in table 5. It shows that n-gram correction could help ATNNFAE give better appearance for the generated texts.
INTERPOLATION IN FEATURE SPACE
The following list shows the interpolation in the feature space from a short 128-byte paragraph to another one. The model is trained on the enwiki dataset with k = 8 and σ = 0.1. These texts are obtained by interpolating 50 steps uniformly between the features of these 2 paragraphs. Only the steps where changes occur are printed. Gernn Denner as an album by Jow. I. in his second 1l1u. te made awo from a stranchc stele electronic mhsih sounds and inlged. 30
Gernn Denner is an album by Jow. I. in his second 1lbum to mave away from a straighc stile electronic music sounds and itseed. 31
Derng Denner is an album by Jow. I. in his second album to mave away from a straight stele electronic music sounds and itself. 32
Deing Denner is an album by Jow. It in his second album to mave away from a straight stelf electronic music sounds and inself.. 33
Being Denner is an album by Jow. It in his second album to mave away from a straight stelf electronic music sounds and inself.. 34
Being Dunner is an album by Jow. It in his second album to mave away from a straight sheef electronic music sounds and insele.. 36
Being Dunner is an album by Jow. It is his second album to mave away from a straight sheed electronic music sounds and inseles. 39
Being Dunnen is an album by Jow. It is his second album to mave away from a straight sheed electronic music sounds and inseles. 40
Being Dunnen is an album by Jow. It is his second album to mave away from a straight sheed electronic music sounds and inveles. 41
Being Dunnen is an album by Jow. It is his second album to mave away from a straight sheed electronic music sounds and involee. 42
Being Dinnen is an album by Jox. It is his second album to mave away from a straight sheed electronic music sounds and involee. 43
Being Dinsen is an album by Jox. It is his second album to mave away from a straight sheed electronic music sounds and involee. 45
Being Dinsen is an album by Jox. It is his second album to mave away from a straight-sheed electronic music sounds and involse. 46
Being Dinsen is an album by Jox. It is his second album to mane away from a straight-sheed electronic music sounds and invelse. 48
Being Kinsen is an album by Jox. It is his second album to mane away from a straight-speed electronic music sounds and invelse. 49
Being Kinsen is an album by Gox. It is his second album to mane away from a straight-speed electronic music sounds and invelse. 50
Being Kinsen is an album by Gox. It is his second album to mane away from a straight-spead electronic music sounds and invelse.
It shows that the model attempts to interpret the feature space by outputing byte sequences that are as close to English as possible, often by inserting legitimate English words. This is the goal of using GAN for text -to make the output in between auto-encoding samples as close to the real text data as possible. 
MULTI-LINGUAL TEXT GENERATION
The results of using ATNNFAE with k = 4 on datasets of different languages are collected in table 6. For each dataset, we also did an hyper-parameter search on σ ∈ {0.1, 0.15}, and choose the smallest σ that does not result in mode-collapsing during training without involving the testing data. The baseline complex n-gram model is also included for reference. From these numbers, we know that ATNNFAE works across Arabic, Chinese and English, partly due to the fact that bytelevel models can be applied to any language without any model change or data preprocessing. Such generality across languages is why we proposed these byte-level models. For the allgiga dataset, the ATNNFAE model is significantly worse than the baseline complex n-gram model. Because it is a combination of argiga, engiga and zhgiga datasets, our hypothesis is that ATNNFAE only learns the mode of one language. To prove this, we collected the NGTVD [256, 1e9] values for the allgiga model on argiga, engiga and zhgiga datasets in table 7. The benchmark on zhgiga is relatively better than the other 2 datasets. When we look at the generated samples, we observed that ATNNFAE collapsed to learning mostly from zhgiga samples. How to deal with such multimodal distribution with ATNNFAE warranties future research.
CONCLUSION AND OUTLOOK
In this article, the idea of ATNNFAE is proposed to train a text generative model. The motivation is that an NNFAE can improve GAN in 2 ways. The first is that it can transform a one-hot encoded input to a continuous target vector for the discriminator to distinguish against the generator's output. The second is that the process of denoising can prevent mode collapsing in a normalized feature space. Since computing perplexity is intractable, we propose to use the total variation distance (NGTVD) on the hash values of byte n-grams. NGTVD[256, 1e9] characterizes both the quality and the diversity of the generated texts, and can be applied to both sequential and non-sequential text generators.
A byte-level recursive convolutional auto-encoder is chosen due to its better accuracy compared to RNNs. We performed experiments on 6 large-scale datasets in Arabic, Chinese and English.
Comparisons are offered with baseline n-gram models and RNNs trained with maximum-likelihood principle. Incidentally, we discovered that RNNs have trouble in competing with n-gram baselines for byte-level sequential text generation. Ablation study for the discriminator and the noise standard deviation σ is conducted to show that there exists a balance between them.
In the future, we hope to extend ATNNFAE to the conditional case, so as to apply it to supervised tasks such as machine translation and dialog systems. The appendices share references with the main content of the article.
A INTRACTABILITY OF PERPLEXITY FOR NON-SEQUENTIAL TEXT GENERATORS
For a sequential generative model, byte-level perplexity can be defined as (for example, as in Mikolov (2012))
in which y is a sample with s bytes.
Since non-sequential text generation models do not give sequential probabilities, one way to compute perplexity is to use equation 13, which simply requires Pr(y). By the definition of the generator g, it actually models Pr(y|z) by assuming conditional independence of y i 's given the noise input z
in which softmax(g(z) i ) is the softmax over byte indices for generator g's, and y i is the one-hot vector for the given sample, both at position i. To obtain Pr(y), we need to integrate over the probability density on z,
in which p(z) is the probability density of z. Unfortunately, the integral in equation 15 is intractable both because g is a complicated neural network, and because z has a complicated shape. For a sample y with size s, z has a uniform distribution on a 256( s/16 − 1)-d manifold in a 256 s/16 -d space, consisting of s/16 independent unit spheres in 256 dimensions.
Furthermore, in practice we find that it is infeasible to approximate equation 15 using the Monte Carlo method. This is because the term
frequently drops below the smallest positive value representable by an IEEE 754 double precision float-point number.
B TEXT SAMPLES FROM BYTE n-GRAM MODEL
The following lists 100 samples from the complex n-gram model with Q = 5 and R = 64, using statistics from enwiki. It was converted from UTF-8 to ASCII to ensure compatibility with L A T E X.
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The following lists 100 samples from the LSTM level-1 model trained on enwiki. It was converted from UTF-8 to ASCII to ensure compatibility with L A T E X.
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The following lists 100 samples from the ATNNFAE model with k = 8 and σ = 0.1, trained on enwiki. It was converted from UTF-8 to ASCII to ensure compatibility with L A T E X. See the next section for improved appearance on text samples by n-gram correction.
1
The Line is also monified atresting to be of comard by mall masles the rood. The plawords being the years the harry enats of his dat. entated by Atple, and Joll, Jhan as at Pakees in Linski Allie. Began again by Courdaniss in 199, had accave from "roslone Kalagia, Reging" Jown. L.toon Berres 1.9, A--22), Treem, 12.8 D-1.98 (1.. Pert Maa Mahharlal), Grean Amaga), 1March 1s a Parate the Nertern terrsMorkwakers, and swert of o a 1-2 batthe Lagan oider the mature by ASI caria I seit patty mare that: 2 R S reconticatory artm or Allis del Baun, did Altaton (Cartitan SP A Sorik 110 10) of the male femaly surcls at ranle with its matinarist and acteeces of angey, of Makakaving, i, Kannen, Kerrah, Kohrana, U .S, Jasen, Allarasana ansha, ker,(Carch), Bellal), Maria, Blarar, Glnceelam Kain, Crarshace rayd in 1993, HC Awo above laters the Moita Aiise, os secred store "e. Lank. At wigh Horrdings and mainthin for SIS1 Plaran1-12 (CC Aiaci Led 1) Press port mort Parto Mara I is lins the empore about. As " rone", I seel nn ennale sut sheemes, and hel in mact many sorll raternal vattits systems expeat lists. 3
The Sheplet on Worted Alelelalatal F. Uninds U.S. Showed Growmard, and is lareed hor A.A. that part to linned. Haroing rights one of acadomical excluds manima are unduated on of Poter manelones by Daband Bardala. Presented in 3 100s 1 DA1)) 4
She was disided io the Paranalllas and momery minorary again. The menischasus is referted a aue to bangty 199% ((9.%) in eilla was 1 ,16t, seew (an (12 weats (1rac), that:. 5
J0m: Time by Coldder (Machalas) 6 1:0~) 1) showe n: adonts) for-plint miluit] 7
ThA club as correcters using the purvovol to "rolingly racing are, ind is entricaley on assembles and it. ane sroces, howart work his mading's swal applore from nven then atochits..." and a the best greapers of the min there od a comnisation was mired to oet in U.S. Eest the sarning srowd the Somertrint Dnace, a Malia Green Renia is metto her four time, to state reditard perp's amorghy of mare manor of rains and guessum was amproved. 8
Indirator: APS mate only is thete Deirue eloven markins was took to de, you they fated, not related to mone bly, oy the banes it him not assease of rine to nonital to mode and USI.II io been not grown. 9
As a with his thillian mosely intition hettrotus -"All wighebook, such his for "aanatis" as his hapari """, we doee sorn beleed a with prinn and knews" 10 Tonto 11
A.chlelland Phils Enmate Dat, Butraree Eesth, Oreatina that opened unsuutiltly tellier to procicanly fuled on carter into tn fill father in Hopp aas with th. Borks eppead the Kones, the stage was adantered almost', the a route and promitorist. Mallin costlotts and anta and paratronin cotables to An eass emiralle and Empersllads. It a by hil balkhowe (by (might hts range him thd Satiius) sectine was ingine, ans wan a mivit is aeting in the drite badaithc steee policy asone, Jo. Kahand). 12
Reker Porlhetey 13
Min Maras and state in Aidha Po chon as it change a exinone for tray living in reat. Openings. unelly exclusitely site of chantralle pailled cunturess some heed rage, paid stale, ane gome. Infored a e ne 1 annual theococrante frrung diterner, miniralla (partochtote)), and sqreading of vory of propertnt, shelt to house as the allise mane best prople entine. And ohern commaned titll in 1n 19er , was neer they sore Riger. Hith Gremane crose pormnered Margarra Dan of Mancalia, ASAS, at te Praccica Sonio Daving t. Mathopal. Suggestion the Common print anbrante certrototism, in Malelsas Salala. 18 An Ala Aranka Kanshamarranch is Regand thtt Ll Et Germing Core Malalalady. 19
The Mant istratt Natanaliss at Ber Huthangarmal Ghishana with killes, a bony Mouston, Chinishan, assastacks, and reqiire ane nithing, sunjiccing rica adding doreract that when a tos distetitativn aarance hat are anitted anput rigar, with ferght (or Barthallla) whice spedially sreired miseruls monerheams. Ite ofter orerared ane only his sestencally counant and oix basss, reiding in lined Jon, Ancolon S. Robert Sterter, "Al. Colatata Keni Krenhawer (, Than Shhwaslim, Kaurell) (18 to 1 1886) Ande ). Mie Mangager 2009, ar. Imina also was hot at all mether hild in Sufrinatine long not fftters, the Chite Searring the Ccees, Balk, Kottalay, and sats and John Mainice Lodes aither there claime, the clise to lotal battrist, oi they that oo madals often resperse detints farr post comeht oxpers in Harron. One train vates bo a sifuated that is io toochone, polace taken with fines wery tame, whire four that the sarint, it wormed be a horst epit (theory sprem), contuver is ans poar sareway, wite mean shortit that fort in adodi hed the "abost of rolanic trime for Siloes parals. Its bromanls pest spon the sharabar skaping manes tur mather and 12.0%, wath the 00,000 mather 1 -5 poarct comitiss, aue exection fill short mariite's stiler harkock. I. are methods to mender the game the official tartal and tolkers wuilt, I ''s a four out, and away paty and tarland Perarasaride marter in importrpntating. 28
Intervall post Abott Soin lasted to Panatatane Arry 29
In 2013, The County is fils are Thet, who played to a treft is thly unaliated sash distorbuare the parch then foricy bemore their aree cord motion to rets of t91.1 (dugcest) the fociditts for charetter, insidts of cou e rokes on the thie episode, Later from thise hall is ahe ahe immortortally stee to aits , Jone and oe shown in up in modal, still began one as the most surfall. There that tethalla oit. I lave the r rinnterent are field in corttant who made inporite though but peat them's hang pages. She the scores to the mantal a lanth for weale, over a Hellra ((allon (sepelling scarrostins), treak cacs She are thele a vuniar firht aae bn wriling IS, , mode 1,000, fites of mincicrating to which farmeds fusion,that and him to him har editors their recortence is at parch bn balblicg addes on 100 with 1.00 reporse is avivite to hore not on theologe by faichrint in eactor, to distanting a US 1000 gols 1.0%. . It were adopted and gertary Grank. Aran Brinter de Grambamar Rith, Wikan Sanl as (hytarotic mon and mon saller a Cole Clascerert and Lel Rasler streriag. 36
Then the chotis bow and usey speees listum finrs. Some reate and battin, an "mansags with an stop table Martels, sirject. was salled ueed to "arren" Nalion Palicon"", called moton by Junn Nasalama Pare Aver. 37
Now hlso ie look out ane in cot se. "Nowly thes? "thit mose that their somped, so do seel as are staaght basen to the rouns. Hells a lang-shedered wo don't tere it in residents halls are accepd hat are con be ane the encype con wit. the are works are tites hor cufperennts from version for the sarsine and ty blacked sacll definition in Poul Rouses of this find, fters were seing were to menenty to got any all mistherated withto sute drite from paces, Setwern Sammer movent to ae to oiler a flub with will . 38
The sinte oaner to the each Colic Mrsthon Seetor, The Coston Partanirerina Grensk and Racho Kouzhani 39
Hometinte a management manters finnt semerger to lake. Conridactivs to not comptter stagers, at ( kloning the tower ginke on the Un imster carchens on .t. "Nonel Goll" worel": The Sheed" to Wit. Hot Bet time harests. "The a longlingt", hae taken the gays highly attemght oet, but soupe, but has a watch and bo mast the arted starts ald tames ritheri.n, Inao seile ta ed to spectured vehicles remirate wites, captain was incene one and du carcinc rium. I plenly tricilal places (bot)) moving offer a took of now comenic dorn in strit of or conclided he werls out to hand, and the rop and fitition. Atrange. The tree usilt the 119 11,911 10 prrath.. 40
On very that coughg strrane, which editor the chysius" I we wan out that mont the cake spen as herr, not Marlal creat, contanint and Ankkalla Inderwo rall the to 10000m of thoncs han been painted to Lakes, Charler's were encctated port shert, sann with show, and prasennel soy oon st ared held heiping mutsey . His hithep Orlonom experience steating consag for this Wand af at I was emteesilters, ashering tananonogy of about cransigies, when an. 1..7, 2... Rec. ss. Heritage were senderdors of Wallalisa" (e.s . 2) made, east of L Comi" Spael, the 1998, in Rhas Puetic, Rubed cuscurers from Manna Mar, poroninsed palples in calcertore, micita all to vistems ontd thrranhrided and hamply wery langed a malaliate and lingte teat, Nivilion Hampesslees, Balchal Abbla (Arc) plaseated native 1-0 bath enlate the in tear winh finthhord, hat wbove arin's brinking leval waids, he have retinilate maneral Like an. Kones in inbrianded the two Stall Aphes unhmall uprele as list of the forst "Aeteccinstite the coild streon of gaatsilacted bo mast Chinestare road a whee alban museums a tocet track owares for farrss cenelited iepporms and reluise with a "Plam: Roon". Dardon contene, Korlashi Corinnle, Partaca, Karahause haletrare into the callies governed honsed to instatie, hid ned rasted (his sheake) named . 50
Lroghight can fells anter the Orters reform to Houney and Semaary pige to a Calacia is won this caosic telal (weach of 19,1.1 test 1, plals not 10 ares, willelick, 1 1its, po 10", 2000, meccorus, ancil for a ligerly countrirates evidentes a astrorees rivisiod orenicalle rra, Mantaltarint 51 ..I. ane nilly crititess eniward, thlone, in relowd for the oen, Come" resionse a polorations theorole patherial and hir to Furtish and strange. Rideo aut with about rooks with murtal authors oider hin cocation and alio a fourd sersan Han oall sides on Flevanher Sonance and Sases. 52
Nes join to Prade Under that moves. That.Matholic acring there and the Stothan", the Withary with starged, hale scholel death in arein to a WNIA CAM TM in defarering norghborhwnd, and "Ahe ahe shipted Horel, Hon "Mahashrood Parmat" & Salla Ratio cole is Un Caranfor a care. 53 "Copit link assets HHS", "HHSS HHS groseoter plapses, eats allere and lints either as hathseheld bad hen hedroren sheds in a momen. 54
Bany repertion it's cleates a neargy is I daee "" i" a'd pomitibll", spockly peo en can ts pransatly, while these now erecocalared for uiin (" licc in dicbrack) and con chouse io was relmest a porinisted d list ont, and can cotent relerented fark. user. The sent or and the life of the album of the movals , is finisted from attockornt with the malalta to Sale, and has moves well alterstaed ratertat the fisching from which. Becanse a contelled bans sacrolials in Asterrawan Stotes, Stephore, Lakaray Corterls rils," Bailing forbers member tilled wicioe ane. it the powes to dnfonction. Utclid bailding, theformer from the ho slloke in artelvers. 55
Mounellarat Slees Faee of CIAA 56
Buchatk minesiry of Tennessay in Lensinder, Goordenton, Soases 57 I called to that had provees others anf matallis, NACs, the respessioe in the Autars (Mata Churcha). Hun es. Their area pue fare, ane early achiuncd and enmoceanic $0.0000 on January (fild in north, Lig Actraris rus sallal grampine fartly the toty kingdom traan pounhs intolved in at Bailing muisille mame ham soch Grida a wighin the barses. This same recorative wite son any tlacher to hame a proparey throshster npar to a greup (a. (rase). Mashala" contegally on pladle from and l 200000 BC, was were renateed the crastaned Mands. Theie stokes undetaaned in mishes, but, hering rage. in "PS, "ol colliss indinnium, 12 firts, ine, and hiteline, vutatists to sritints, thas, he is esially monelhalanestees, scring, the Sil Malla Cratestan cancocate to Greek Barnet a wan the Martlewac 58 Aueghaia Gornlva 59
Spor okur Ponkwans -"f Winh being to StharesI II. He despore, and the by can for the frey for the line to suppoted, ficker likh the scllow, Joan Graganiu's days, indagon and Horchanch, innners. His monsey senettering ie not and on thes, BOC was was be would hold.that to live terd to four and has had " Borhrip and Aversor, Hastintalists with an the Howel, Swan Mikhala. The Resenth Season, ar. Harkis Lac", in Sicorary fith Atlachbont parlecrate U. U A. The knertorn to the mosth Candan into hell site going ahiuts Aeghrstin, trachisthine altorelals in mont t he LA an, Carcer Scance.
60
Vastras, Das Bals Prus gailing an amma Saita triting has made to only him the io for the her parld wrt , the thelies tf kell that sust srban diternate dnssrance Migara Migara ( pack "hor: "Fut 00 (10% wheteting lost their team of Crce"'s "Atps's tream, mainly with ane Manran, Gritain Opon Frrard Craditer , Coumanat, Correnternensen ecch Counsvond, You Don Reserded at the fivel morsh Goant Sparts for starerers for Me (Crisic, Chiling Lane of on Itc. Marra, 1. Soroctoter ii 1.2 , Sid. Sedaman redidipilate Concecture, hatort of baiteriam cormentes on SC Prine Starshada and a Karskath talk the sem. The ditheatines in has a exect up by honoralorr. It houses attention HPS, stine", by -Tina 12 Ledraca Gilv (Airatone 1 1 ration) corrar) also ocord th. "Best. "Ter" Gey"", she aas some single tile . Adestawn. examtly, and field of hit, bon pharints of the Maranita", as totic at they werm "The "D.'s memoritterters th be weok thet well goad to suartal , all other some araqtinnts anth riarly well. 61
Joris Hambonise 62 Aceera d o Lina 63
Aathua ther 200 km in a 1.0km, k, systed 64 -Theebring's Parthous matthatha, and when tn srine tutad arina ricina canculatory int, Paromanate Artine and hishrrry frtm the Palisstws at the wert of the linguage since sceeen. ere. 65
Ippilital holder wige 66
Come strious actring on term adentistriction sae in masorite miving is rale, he bote munisium fardwace multicle to one aigone whelly ste an acled to line unstranation consile in hell tarctalent wo t intel to rffice. sich was unknown at the porly back yoings withrhendey a HSC harrinh a bach of bode way. 67
Alecant's paritus issule in repeodedly versile, foi an, the carter whe hame aue any stot for the ferse sheose phoroee net incleds of can be secured missiog that drew transained and n highlolon terases are are .5. If is oet of these. some roath to bn stone oea. (".) me. plate ofven under living spies as a steads set again "". nou of this is wis not a track. This os incrianly. The "Peter" tapour is it " Tlanslight which then the same of Sr. Alatiuss asis grestion adiit, weating in his wis wite my line. 1991 boy. "Enites" "system, an, is tarkily and wales by such older, Sinkrster. 68
Autita Concorenty of Marara, Marara Raverrgh staged of to seory markers to match boess one up to 10 coaised. 69
Foth claims to then 2000, that it is was alece the Parrum Come tous of other cartites, Redia Case 1 to altellateon, 12 arent, cotertry in a now car is filld of the officially stares but to serman is which to refining of the Bicc using ane ".. 2. 2. Like at Land (1)9 Herlis & Saon) in Indian Record. 70
Hit past ay ase e Sersh bar 71
This sciephist Stement at Sampota, Prestic & Counte Stient raturn Gremrit, Manter. 72
Ankala Moning way it sit he the Rhine Prita, Tabes in Berranca, Klah, Khilith aa, 10, S Spaim, US11, 1, , 1810 11. L. Amova same decision. St. Matkey bark fored sters -Pantiina, Pitritninian (mastiple), Aree 1, Mallary, Mavishan, Gra, Porslen, Paur Abi Aman, Arankka, flack, and "ob, seata perrariate in that the an, Villas, Mararai Aigar, Rata Parlllanda Ban de Sanga Geanger, "Scerdang, "Pling Place Aree Manger parts lives. Through moth and the from tria spenn shariag a Gills Exirnct Grean, tht I, stoff than a thot gwo, not well ainathy ward then sood there ane wish, they yot sut it alriting these loning has litely shate I toes. that alcoys sreached, the scale his literart, even accluss "", des plass are alrost Mala of Marthinh the sleace charactere, the word who became the criches. "Ane also pretectatiots" (fans alalinie) of the larise) sech to the Stade aas a his point conecders' scharged ats intellents and est to absh that sile and the lirit of meghslopuesfor parashelling may be semot to sittor fill estate. It is a cometal matieriry aligine, pariling treiny. 78
Nollacir's from Selenherleide a bage (brrensire list of intestigntents and theolegis "Maghtathade, C ..., Kosata Autrarnhir Vicia 1, 1.9%, 1900 by 2 Prace A. Rist Marriacy 3 79 Dr Heemhery' ar ror State ongine of Kudneqie Rageys, but goined by and by sest, 199e choling gays the proceesing an, but seapler preserrate a sult astantisting the sreviment aare band mession tp be wite Harrah, Dan Ban Star, "Karshmer's freacince" (a B.A. -Gong (aote ) he to gom" and a houdled a not the lengtt tab aas fellore precucacy from hattrical sals phints a secone garman fraicice catiined in i, to hallith man point to Mangiant. Io autuired mensus sustiate sattrular strlath, title. Hightty. Parachium in hie adune is as pelrimane ranis, race s, Marran bay. That sine Atka Riger have the are if sole air motery Riss Pitestone sased there with Wetharhharis hs ore trted on osed of the archestric erettes in strithon to henhim, -OlAska. Kakhaa and oue of the Morttige matanists lated to foriact oy spon of theplayers floend is four to fasted for Steraan is sertoutly, an admicint to sropel of thing this toril serents on a pabia leading colimment of Plate, trannent, Detch can conennill hrranhall. 80
Lhete s a RETA is soses repertmeal and, when impersate of maccticists are adust to rin pastornt. tole long, it used in "edition area, I leter retuired, an tife of their the Manaldala Aurtss gartery nny Kwama, Glerar and Molili oxpaing "The Taker Consending sterter of Phiral ed Innh, Cheasan, Shaber ebter ed the "Shealom Hanghalt ae" "". When horlhoial flag that with also secrr tion his enis. It it is quistly then then thit for "MV Viserere" dictormed aechashing he het any procery using Store. Many remoring ao atrection is apeparines as "seccee lovel for tt. He welted its eats -loar Trither Bam e Barride day Hordelabaka R. Glaska Paner seatranta, Ca Kanagari.
US Alt Pranitull 82
Fnr a promate to make brren tome hariess. The lase spcers and war race a chinter of, a welly markating Shith Benry and in abguraralia, reans, ho e gen matisnal, as discrase to allal handline charge roining a surpates help to seet of the equation. Hot have housteaped, thet pheple not het of Astamanta. Kallri Karr, and Carachlana sliter and tatle treats, that the preport and oll oix pages into the " of the staties mettalll "Talalarians war as "allithe tork", wite is not courhilg homphill, bats a th aattra shocly the fically come counse and as iade clease it is probal of avey thot the may, dispenteted the title callet wate a relected for some are, it soid hectury of ao oolentirlity harromonatines in start beteee and assiale Cole Hat ns of Cluse (worder (soung largent Anreil. the well name his new seat by their parestaitle continced theie foom. Too Crien Gromares fited lfter Halaletiache Lew Sthart UA WAAs. 83 Nagel: Tee Rellatit, Eiil Colonds Houl Haltons 84 "When as etrll bresks, mocal a gils oltimative, much can be whether momar fail tuitit, fh n fitured with comintely set contintting forned to the Un larey cristings fatch by Sharakak, he moint in the Partman uier Winder othe ost morth a Iralian marning of an accorment to a Berlie Aleus Ceater (usere... Ht past rtare for the Pake oa tath Dinnenater, winds they beed to treadment in this dowtressions and finst. 85 NE Khusa and ShS 20100 10 And Aisken (Day (Branslet in Kraland)) were enerle nangoteer Serlance. Slelk block ain Krrawina, while, he work from the Hankey Lem Harsen , "Socerty Grerch Governits. 86
Autatrotorate of The Sana Sata sisfard (ole fimf suaramoom) 87
Vardal oitlstale is deaut in anhorawat. They anown is change nooard (bock ost (thst boi'g reterely motal, actacolaters to the portrort fan arritus seation overpaphing, coman christ", cooslication (1.500) . No prader faccs are is not on Sagang Minga in thes was tialigte in one dron abone with mong sellen of the hall moins a liges thats wistaned. He taked te decided at X Pos to centre for ....... (".) onles more would keft with n making to hat staces, to sere pige -poger, bung n clastinatrir aleriin anija (ina mustamss" o, 1. m1, 1000 of the Kali -Apgrish sittrist, the utrinment but seserarred falther galter 89
Fie :ast Markhhall and King Chilbethy chlllerthian on llashai 90
Frild basen calocrl Coach 91
Ceorooroses then anaqualittes. 92
Roger Malick of Mancle of Wig sing "Farter" Flank Man in Andress, II)) loses all auga of a merantoum sicrorate. Only is than the as even then her wi h Lal lass CAPS, sann, a twing", wite Moss, WAC inons an 11. T. Steet Khrra, Kahhanana Khrataka Sucaria Kathey, a. Nishlasa and Mastisa Kasta's physigist, Incunsigeed Aigio do Divien bany contimepical pinarorerrate aigro, sounteired pair of Prorara onco is a ratic 1890, dotinied fusineating cromone a fire cacical to Michalles witer 201 93 ESS She Seltor Hett Shinta) (preatous) axticles "Qirstal instlae. Michnocal J. At Events, F.Is, ald Swerflay 18 Srenday 1-27, 11 Atrects and tien (Economic Manirutarcy, Cold War II, Haratath which from of form waters, the trees can he said for prefnint swos show and Shaks. Another starions,, Vicore monal in Carcatic Marar, Grinish Boss Battan. 94
Ahee eit the wied the one is a srrindy delivery that he mensions, but to set for a trace tie cover, in his place of a of a c ltine pate, wheh Aire, Griri Atmanistin, Each Cactics, a ISIA IFI, 1890, ae the lalic collaty orranation cop se per domestic open from provation in the oed strences a concution distirity Mististla and land, with albal selenctaters. Matho Chark howeaet's Parth, a Katha and sporelloss alrilaile marcicle, it was pomsin and 1D creatic profit is oner situations an envorls when thise trentding said thore more line, "Teems of bone 2h15 it movel in Ha tister their year year the Coresary as internative and comparing to tites the Enargy final expresy of West Javean Inside has connlitting in Hanthe Lan Sata Recardo. a barry. Kallalaa Sthathalt was include the Trunders Criss, where ware herm "Forn de" Grara and Crick, frat of 1,0-2 car.. 95
In 1899, weto are are live inair cartiterarys. A cortined and particle the eemant of a nefentanles are began theie Criper wan he net with sake to camputer with the year later wat 129, with Sarily, becoree. 96
The I-la Aitershon is wae dislovered to uses the beilding bond Hals and Sawen is another in the Suchra Alengh Alteees. Javes Compards Calola Contiwory 97
Shonkings and curporal elenit (prople) by geals Unit Porent. 98 Charnhhand 99
The show the to coces 117 100 and 1 m rores of 8 hoolfewlles. Only is combite to the was other above withr a London. Horkeed. Home IS, Chief tuo shup and Khanaeshard Anda s's Sausa, and enything and of fer pant was uften leval a abiut alpane cat rersen that a cround a gown, with being deals, but aheelaker buschecucal are entorted table lovel (and tne marchiling) and disinec/ P 10/100.df.200000.DAAR RHE bs and regolar of Ene Manours Amagan 1.00% is sealled 100 I test last Milards plot it they would be the cluer alrepts hach wige tike though ratan films. Alss varies rating regirtrations I have orevation (th a temple trealent with there garewoods exprems and inth ing tlay ereon are revenge the Bernng Shepters.
E TEXT SAMPLES FROM ATNNFAE WITH n-GRAM CORRECTION
The following lists 100 samples from the ATNNFAE model with k = 8 and σ = 0.1 on enwiki, whose output are corrected by an n-gram model for better appearance. It was converted from UTF-8 to ASCII to ensure compatibility with L A T E X.
bet tent reporteen them, who comes, where stated a showed atte and the sament Grana Stars were and hand managine an out outs and that an avera Hollywood Science with the edito not take and Comple male to his parks in to past 1990s, and once a second about for trama film, and the entire a Universional alone bands.
19
Categoryellowingest paration overnors re-release 20
Here, and Chance, an and Serie and opted Statestates residing him form to are editsara was given by by a claim totalitic methods onesian their station with titute over survey teles a published in on a thinking the but not to contact and station. The instrative tolen beforests of animals and and many start of their came in there, but its also would be on tonsistings, and automattered that theses ther with managemented a participatio would better here caree the seal of Martica and original and 21
The next from landmarks tolerainine is actically and the harmary there open that halls of the times to his controls several and a mate 1000 (2000 with an aircraft to an eyesigns thes in and to be tang anymore, and and orange and translander of animand carines of "Tinto another "Pattemperia", "anima Posta Road show in continued to the 22
According the intereotypesetsenyers 23
The Moors to Petersburgrindi (19 Septemberson  24 Ticknamed "Alliamenis Mather and Marcon and as a 25 I made to get steading to countered to targetic direct words who he here most shouldn't parting for salestications, the consing, to 1 Mar doing are stated.. The 26
Indian SSR t's commonly changing Service is to becomin in tilled in the experting politica, Austic state bridges, with Hall and mature starts frown as an Somalic in Harders. These athleened a consists lite brown as early as the constitute only and 10 points of their ente into tellinois title, an " actioned in points a believe, such as a sess of the and hing souths are first coastally sele while substantserrainsteadin do an and in he setter to be seem totally reacherses inst th 27
Barley Hillard 28
As seven many (EastEndeansion Constitutiona Countainmentary may have to recorated Salaam Rhondardin Contribe the Marke and the event outeris history of the Son othernmental servers an at theredit with the the distributors serve in too. Fires initially "Martinati Renai Parishing 29
Weeds earlineble and had to the method organisatistic traditions force as needed inable toringer and to tow feature taste to allot the likene seems they counced to head to the sation. Since the streate serention is callenger 'live as provided itself total artill Partis Basinise Contract of the Engli Arabilitar person intonsidered a "Millerina" antial, and who was existed states the introduced tours to telestern, it "there were with over of the to arts. I the sele in poliance attered tolento and targery name touch on the daughter made Paralympian inco died and ringthenthese was been substants le peating touries in an attack orderin in a broad transe turtlandog to personian, both singing state charter that theoremself by and arents (the month battle the Paralles for Bride Chine was another Marker Minished a the area areast interion stants in a grouped formations of authore in settered to Sharperson Section ours took the entransion. 30
And hasthet sampanies chool 31
Printing of time 32
Not and table tool in rails, and talk to a stand shows and sing 33
File:Alex and litt Research. Thereberg Montes are stat that the series. Training contrations and ente, not that in China", we more her transition sides then seriod once in addition physical games and Palations rest ranked somewhered as a tains starts of longer it is there not seeds then the although be the Permanen Shere is a remain films, succeed as also and ten in 2010. "Chestently editorin where a songs way. Thing season in Manited an and tanate ongoing reserve totals" and 34
The seriesele and arch with and mation for history outsides, with a 10000 p.m. Carlos, Austic and Land 19. Of their first coulderaliatelane attachment only with plant it in the erective an erasality commentated the same titlession will the formerlying and the seat to a consists at to death often on their top.
35
Waltogetor the United Songsidens, and singer 36
Leaded by tasterest residington (or and "" artic 37
Jamaiah The matters and ter temples and translatoomband. Adopt took pages as and holding and the issues atongo anon the follo for which contens the entre fire most sour to many position of and (ancies desigera attempt tourses in turned to harded these managersonary band pare theing to the title 43
These reas de Albania (also contending Desham, Mala City, Martin and was a horses thensill betterer and gothe First Balla in endures of traing and theists that, in teachin the they state. The genit songs of a "longed consistinct stencertains touring the characterseysidersona and "Man and al-Assault, and as newspapersonner produce with he songs and held have a be served dire her and ting simply based in by Benga and has as then first antiest Line Lake. Thinkers, selecaster of Justin was the Austrary Schoolingston, therefores and is exhibitioned. They studies the High analogical Societies internations area, thanksia (August Divisionships, an Arabs area, thereasie and St Sonersenses and I was to conneces for the Shan Missolutionshiresh for Flowes in the "in the 44
A newspapering a insects refurbin advocate and reache desce , and the same yearses of Controlin ( contested extremely inn and reacto an Markona, was a rester tole mattempts to thouse he would be called "" area, told notestself as a porte Carolina, Canad individualiana, and that and to Chiefs on Marketingalle (in was beling in instructed tors an Australizationalso les in Serie Author tourists torpedonis contral lineares, inster adulter and tournalit starring to teletrack country munior and whiles with a constare round the and numbered inded a sines out out one originals, as a populate practiced the Masterest and Sonat Sherland their roads called by Me Ouelle, it was being in the conceive moved and, including the artson. (Italien in the one only totals took "" artwork, the now starting classists was sold to her took "The but are is metholicated man to decominge in the are are selled by transfers at and took themated the Nation and the US Federally starred today from Claredouble The longest contents their own community totals, from anonym of thresher in and short. I the classis are: Bethan and ass overhead call of the parishe was secondar day. Astrone and or formering for being 1. 56
The reign of Line this anchusetting he closed this school project the accuracy took and tactical authorseballes an Arm onese merger continge the right of a sustam an hand, which both sides tole Japan armin (1) and fortine river of the shoredat on more seed on stars returns and essato the a ports of to mach to that same. 57
Resored all 1990 tones, "Saturday didn't been estates. 58
There, Euchroederings (a song Konamian Christories had not starte Co. in arti Quake, were the California anist in totalines episode to trave transactinge one resurreals and transmiss of these single and names. To themselves 59
The were bearded ins existence of the protectionales frown to talen forestlerships can serience of their negotia is song seriested to the tour that so that I would yourses. Theses on looksidered with the enterstate that needs of the ne the Series Computerith thereally and Protestant from the Austrian. 60
The Parliams Bearing of Cotableau-Priesternati Parliam alonin of Pointserrain are strealis", was as the monite of the "" area orth, but took togethernet individ 61
Backs in the terrey Partinger Exercial Societies the Chinatines after damaged theme seconome and 1000 and the hometime. And is a count of to be market is be was and submissies that themes and the charted that the Barones formed to Southeatin A. Margare des Bars successor 62
Winsol season 11 Apr 200 ments. And wasn't senins and includino anonyms often a time of instan. It was subsequent to a death of the tour shorted reforeign. In the school is and an and, in compone and term into the are generated to parter organist in the Maste on Sean cannents of the Anthony Malaysia includes received at the end to their find as an areans, about than tastronglersed there in reliable by two an all are form "shou made by Love, but their artin Lithuanians, release with an early 11, 19 Octoberta Pacificat to the 19th in televisions tolentinents secondar and relevisies a places -outs are also resign. Hertatios took in Massaulted inting also house cance 1 July, 1000). 63
When the again contented with of the finile "" area touring tons wherease the command "Emerita in the was also held acquired a "pro teaming to the states format architected. In and the films of torner of talent ("dehestered 1000 "koku State 19, 19 and and (1.1% Pacificati 64 Designed the Amerialist Distand 2000 -2001 and  65  Doug Stonesota  66 A receive shotter of a simple spear and total being to that the family will the was given to the braneane in histo Streets with histors (student of his grandoorna lated there west sincented that literaters of the Austraints, an areas talled in of research area and need and has aware term wastereotyping the read workers and approactis with the case from the all the pop con offician, on and indi, an an arties are carry and held been region can be the sum of thesteres, such in the countes total string with Soverts Coaster and with newesterestigat Saint, Edinati Redings, in the East Germanents as a retire blood (station, Poration by and neith them, she inte domined by Dan Markers. This used in there hadi Jewish an 67
The surround from the Singer, States, on of a such of of the Archit and that which the montor outs the spread out to from then contain. Initions areas total an have "Songbook on has between dealthoughout and to a since 19 Septe de Janua Latingeron Ministere Maced, was instituents testin the United himate second (comiciliting teach member with anot transseners the party singe of an air is understrination. The collier of Francerni Videos, and on tongan city origina to be album, wastered that time as song and defeat (Novementalleys athes world Spain, Indians percerating emplessary to esta 68 Grandfatheritatin Athletional de la Railroad pro 69
The Resign Awardeens Channer. 70
For the broads of then Alexandrians, is noted unable (tractics callsign ordersity and assigns on televe tome of Anderialis (a to the 2, Germany, although and Maringer, Matthewsomeone oncept togethea Sarati State. Marchite arent of American, Parliame there applied by as thronist Prote "The series, retiring three state resilio alone line in a partine minimization from they (also allo an alon, and is a titless to containments original charactershed to thes completed to consiste with someon they can and " a seriestate start stores, a moting on to Romanian seri are to daughter and many referrents. Howe areas to alling and is found and only. 71
Neerance first toolitioninitively similaritises during units fort fillian Mini Mather, and Jose Batestablished the USA Tourn Halestic Partyrs out takes, the coast. A criest solinge orthwestere regardianses in the strengal decided band the Arab Emirale perty tale he discus ones a "The Greenie Part the le from "Songate, the single "" are with sound to to busieste, it is before the fling in attacking special, contined with not person him by testsellares a have presease into admintage in theirsenated tongues out afterns for took parace was man out tortership was influencession with to the House to stated courses come casteres. 72
Alestionshipyardsoning summer. 73
A. Roller collection the counted creation, on a members of home and re-relations whose rights a not to strengthen flankin the later of theni danged with America, Morganizationality Mounty stating, Franklin and burg School, a disas State in their origina one of a 10 are to not serients in and tracing antine of corre destroyed is are creat be helped is and and togethea hard tight mayors forming. They were mainly in touch and hosts toler went to the are only for other persion is an of 19. 74
Africal Serie (Tarak Sangs and t 75
In the Countributin resident state and pooled began transferred to start (demonstral council to theses needed. 76
Georgeon Robertson, with to talent of ances that to her to hear and "analaleucalypse out onesists tour tractersonar ("Anastina cate, to these to to pread turned is "empts intelo maining that "the 200 that the autonomously the season there perce with the paper of weapons, but as higher surrounding and largely and is also sering testsellit became ticke itseasons, an adaptes of tortionships inited a parational Football. I done and manage is and times. It is based a new secrees ware as and own, her driving socks in "The nation 77
In mouth the strengthened the industry was universe a southern Participan contributine Artisti was belling, and are neo-Nazirise inter to continued to along toward of the stronged to be would with a more fear and sign who is tempted baths the promotions intel is commonly. Toda Sundard mare a greatert ports of Arab speake and later an interationed, in the resole then in a see title toward starte ware to readers invasions and bringe in and took the son of thems and for clea lever and in the "" areas, for year total Assis to the 19th censes and, 1930s and a 78 Jonatino (also original "Hot 10 animals inser, and Sport 1000 metres a verinate of the episode from these starts only to the managinee in the football to starte it is films who had all to have thented the house wasn't needs and, contere party. In the time in turricanes in the resigeral tests a land half took thane the transport, and rand "Sesame enternat Asia artist an "actional cover and Mary show and from so I done changes it entine Millengers re that, Southampire, but the length out therla Hall seasonally aircraft intenant state 1960s and servesting office, sincer and threshnian lange was the stored inte mixed recess and the management schoolinarie of torcycles areas outcom stanting tools, to ever actin to enable and torting and discuit. 79
The firstbounced trice be use in the " instan, and 19 con a recored and total instants a lengths ( musicianity, as used to be accords from thes largest underedies of thor a managed togethern ender Marcours of the "Sature of "The is and and tornadoesn't read "What against Associational women (history (organis proposes positive including for anot result, of the falley. He wall as and has being being that strate and as "Tarza inadvers the mansitinents younger satell ass commissant only tall of Natio wande, There, was an automaticanes for the postern parents are year charged that Siege, the group by the books, because torn torn in the workin they often the coupers that took seat of the United in their one often Robert, Margare "in a 100, and 100 femal a song Stones (1.0% of the individuals toothin the "New Mexicantly from the 80 Notes of the the Stations Enterestseas Historicants (September ones song "" ("muban and, There area, warning and too seriesen tried, with a particles, by their parliamson airplate of total particate in antinate the parate The parles as weredir appropriat is also Rossie Greation return Agendations and editoryline alarmstrologers who only in earn an a this along in a 20-yardsong a parests took to 1990 -1 February 2011. The mine (1.1%), the section, to take a contes, incorpsest of the influence of the general seriests to answer to and the night band tribe top 10 method with the right that her to the he was 2000, their past in titled thanics of Handing 2010 (UTC) or it to takeovern Cathon. "Dance. 81
As arent design a morent toolitiestes the end of of tink in the terms "that state, the centers the possible is not reliable. Howeverts with no dising theates to lington devels us testions that given to their has been and the right left in technology res in exist of the roles to take include of tour from thers ther. The career, they con we also a but which printed to perce an "actional of torton cana ( admitte in or and testigatio 82
The Crimea Barantis Steel Beller, with Sanada and issued tournament to proteine titles and Carter an autoimmu andes and and, Alertoons College at to takingdom oils at times contentirety inter the to James tastinery, traning for he consider both the Hanseates and falls an attacked to be form as almost to party courteenthers who weed to retired that heade lang in the family in temple in and the ensuite of internatiness that to into an areas, the winning a proper stations and there consider then its cleare claime and that throughton othe Minneaponson Santan America Corner stat longeria and educationalis 83
The late 198 years the new as were a being bot the is appointe anyone to testion 84
Mar TV Shore oper 2010, 100 females. I am an in transson at totalitica and artist, and personalistinctly estauranative first director and Paris in the most companies ("The are "n" is "" are th 85
Jean Micharaca Christia and Christi wa Serbia, and the contrastrued. These stricted, and the the eveninge of tons were are are albums. The of the suburb of "". , and "an archite to not asserte darker pare are succeede tone materally area topic coach as institute operty a free a start of 10 and animal radio to betternati Reserts and order taile to opened with the enders and construational brewer an 86 <br> </br> 87 "Songside and caster a "C" impre of Grant name as the Salamand allos (bishiantane Contralia. It parent of previest sitted the Chart in the noted his fatigny itself needed intet intriests a formerel singles weredits. Tone often are Come is written and to Malaysia in managinal of exis owness the resenting too and neithese before he and ther the fancis one retroint expend out a count forge (bornered east on tonnectionship with to 1 April, anythingtonia, togethea collea and earthe area correntley is a variest area starrin and his his that "The is such as firear of the musician on totalitic in a newspaperin and stanting sate (then south cens (Antaeotropod to the Netherlandsonia (The same an American (2011) Category:Sportsmouthersease themationalson Classica Statestion in Grande during too smallport. This is second accepted by the albums a his regio do song statests with the internationals were arre with interned white to handstorm have a serve and out together the 19 scheduled editionee Marties ordeallyna, that was form on Marcon The sat itselfinger Maria the popular and House and Charles that years the earlie (then Highes, has a concens tolley organized in andereal with the coust ceases folinaring of the to fine shortlant. Howesteal arcadent counter for t 92
Presse materia, Salah Khalia, There, "Therestionship and is and are also initi Kallani Charaction, Alabama in Marti Primari (States (Austra 100) was theirsen Manchest Fords. Then the be said, the network there are and a main racing and west a carter of of ports areas. 93
Ranki Santationalis (a co-foundergrounded Statestima Musical Servineyardarie Master in and stres that and after a totals le rolled at serience that the series. 94
Portly adapted thin the states from arous the Germa and and reads are: 95
International is and nearediter. 96
It beautious as a preciated took the , but a coloniens. Some crosody -represearcheology the he was is and partical chaireda had remastericals. Assisi would been namese are adopted, "Triantine" is now tired strall, Handled thand Southwest on Jan. Therealis Maria Mandarie Congoingsen by Kang Harrin Metro state included then on Marinesse in Pittination offersonne with Man's Bonda, There is sent than el Assembly religious sease origine shirteenter tortherning tech issued to the 97 And first resele legs per the pastone and estaurana. It waste only use of a partian, togetherlaineerin Parisonment onlying, alloonsacks were tring started of Harrivat Serbikeshire, on they were after Warner Maringam (Marthalled and their eye indi Artille, Marine also his case hardcourt, intoriaen von ants areasily in for the company such, togethe listed and beliest experies out sheltered to in the the band and their parting togeticant tongue Count of which and Parishin the group player as the end othersonnections near 20 (2000) , without an arease of Greatio Nations, water of "Tita a Chine in and with Hale also publicated a seale harden, it is countern (and Brigade Bertis Beneath with a disticed togetheransin. 98
For Francinnaeus Seriess on the 99
Categoris moistershi on the later areased tow back stage Massassi Riversity, with with templementally. Hill and poster window an Marke work coastes to a complesses from a horitary and, and sheatives, thes fourth in thes being to took the there in the learning for taler bands. I do be restored air tenants rat was a to the his first Worley Changeant (with and other order track is an divided was based to attended in the 2 dises, such a pleasterde, and they were n 100
Towerlinester Mill a Miami, Floors, Baron and Carolina Richarterse Arctiidae areased onto to an autoimmunologies topic as a chromic of contences these early other and astrings, by Georg James Gorman the house themerge and (1991, was needed to the common of tent the county state and ones area. In 2011 , 1 Aug 200 (1992 February output directed with a three into the state studings onlin taking to
